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Astract 



An air ^nation oevie. inches , Pi.n« 
„e,e a ration in n» velocity ox . Physioiosioai 

„L. in the ^ is ,reater -n - — ' ~ r 
„ orive th. teieaeec air th. — «- - — 

" The .ir whieh ooUects a, the top o f the pien- 

* to prevent its being clogged by cellular materaals. 
membrane to prevent ^ . , t in the 

* export at.no e»*a 9 .s th. .it « » " » * 

aesireo orientation -«* the .it hnhhiee «. at the top 

of the plenum. 



1311694 




7861 



Technical Field 



This invention relates to the art of elimination of air 
or other gasses from physiological fluids. 



When administering physiological fluids to a patient, 
it is desirable to remove excess air or other gasses prior 
to introduction of the fluids into the patient. 

Devices are known which eliminate gasses from fluids to 
be applied to a patient. For example, U.S. Patent 4,190,426 
(Ruschke) teaches a gas separating and venting filter 
wherein gas is removed from a fluid by a liquid-wetting 
(hydrophilic) membrane which divides the device into inlet 
and outlet chambers. The inlet chamber includes a liquid- 
repellent (hydrophobic) membrane which passes gas removed by 
the. liquid-wetting filter to the atmosphere ♦ 

. ..' U.S. Patents 4,413,990 (Mittleman). and 4 , 571 , 244 ■ 
(Knighton) teach devices which also rely upon liquid-wetting, 
filters, to remove gasses. ..In the Mittleman device, a 
membrane valve is placed at "the bottom. of "a .burette for 
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, The Knighton apparatus incites a 
removinggasses. The Kn ,.jB„ e tting 

h ori,o#v disposed cylinder having a 

h ° llZ W . and a liqui d-repellent filter at an 

filter at one end and a liqui* *• 

t hp treated is introduced a. a 
j The fluid to be treateu 
opposite end. Tne rxu 

mi d-point of the cylinder. 

us Pa tent 4,572,72, 

; fD r use in a cardiopulmonary by-pass system 

and cause it 

An upper chafer is arranged to 

to flow in a circular direction whereby air i. sep 

fc wi««j Air bubbles above a 

the centrifugal forces on the blood. Mr 

* bv a cylindrical filter made of a 
chamber are removed by a cyn 

pleated screen. 

Summary of the Invention 

., ch re iy upon a hydrophylic 
Air elimination devices which rely P 

n of air are generally not useful for 
fi lter for removal of a " have pore sizes which 

of blood because the ri-iw 

et e too «U P ^ shom w Bos ^xo, 

« UC ' Tla l re — o to ■ 
.re «ult. oowlictoo er.a .10 «P«= 

6r„„o« vit» the inveotloo. . si^e. ine^n.iv. 
In -accordance w«« r : M Vural 
. . is provi ded which taxes advantage of natural 
. apparatus is provid or other gasses from 

, phenomena to efficiently eliminate 
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, nAcal fluid being administered to ^xent. 
3 PhYS ^ e 1 - a wide var.etv of 

d6ViCe 15 rid one preferred use for - air —n 

an apparatus which 

device of the invents is in 

Moo * being administered to a patent, the 
heats blood being normany accon)pany 

elimination device removing gasses 
the heating process. 

• tor of the invention includes a vertically- 
The eliminator of tne i 

nfiaured to provide a downward flow 
ori ented column configured P ^ & 

fnr , flu id which is less than the 

measure -nd is no gas - e lindnating 
locaUd either above or level with the g 



device.* 
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Be 




w e the elimination device of the 




tion relies 



upon nat^wl forces to remove gas from the flmd, a 
liquid-wetting filter as used in the prior art is not 
required, and the device may be used with a wide variety of 
fluids including blood. If it is desired to ensure that 
particulates are removed, a filter screen may be placed in 
the flow, but this is not necessary in many instances. 

The inlet, outlet, and plenum are configured so that 
for a pre-determined pressure difference, the flow rate of 
the liquid in the plenum will be reduced to a rate at which- 
gas bubbles will form and rise to the top of the plenum 
through buoyancy forces. 

As will be appreciated from the description below, the 
invention is orientation sensitive, and in a preferred 
embodiment, the gas-elimination device is in combination 
with a support stand which provides a bracket engaging the 
air-elimination device in such a manner that it is 
necessarily in the proper orientation. The stand may also 
provide supports for the containers of physiological fluids 
to produce a desired pressure head. 

An object of this invention is to provide a device for 
eliminating gas from a fluid, whereby bubbles which are 
introduced with the fluid or form naturally in the fluid 
rise to the top of a plenum. 
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object of this invention is to £ide an 
arr an g elf for eliminating g as fro. a fluid whereby an air 
elimination apparatus is held by a support stand rn a 
pre-determined orientation. 

Brief ascription of the Drawings 

Figure 1 is a side view of the apparatus of the 
invention shown in use with a patient. 

Figure 2 is longitudinal cross-section of an 
air-elimination device shown in use in Figure 1. 

Detailed Description of the Invention 

' With reference to Figure 1. a preferred embodiment of 
the invention is illustrated. An air-elimination device 2 
is attached to a support 4 by a bracket 6. As will be 
described below, bracket 6 cooperates with the air 
elindnator.2 to maintain the air eliminator in a 
mentation. A T-shaped hanger 8 is mounted to support 4 by 
a clamp 10. Hanger 8 provides support for fluid holding 
ba gs 12 which are in turn connected to air elimination 
>: device 2 by an inlet tube »i outlet of air elimination 

device: 2. is connected to a patient 18 by. a tube 16. 
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►n a platform 



hat of a 



normal hospital bed* 

For proper operation of the air eliminator 2, the fluid 
bags 12 must be higher than a hydrophobic filter (see Figure 
2) located at the upper end of gas eliminator 2. This 
provides a fluid pressure head to be exerted on the 
hydrophobic filter to cause gas which has separated from the 
fluid to pass to the atmosphere. The height at which bags 
12 are held by hanger 8 provides a desired pressure head by 
the force of gravity alone. If a bag squeezing device of 
any type known in the art, for increasing the flow rate of 
the fluid, were used, air would pass through the hydrophobic 
filter even faster. The height of bracket 6 is such that 
the outlet from the gas eliminator is either level with or 
below patient 18 whereby no significant negative pressure is 
created within the gas eliminator 2, which would cause gas 
to flow through the hydrophobic filter from the atmosphere 
into the gas eliminator. 

In a preferred embodiment, the gas eliminator outlet is 
a maximum of 36 inches above the floor. The hanger 8 
supports fluid holding bags 12 at a height normally employed 
to provide a flow of fluid through the force of gravity into 
patient. 18, . and this is sufficient to force removed gas 



e preferred 



outward 
embodin^ 



plough the hydrophobic rceinbrane ^ 



„ ith Terence to «,»« 2. » longitudinal cross 
section of the ,.. elin.in.tor 2 is shown. 

1B toe embodiment shown. Plen» 22 comprises . o yl ndrioal 

the tune. These elects « he moided into . sin g le prece 
if desired. 

. „ nuid flows throuph tube U into pl.no. 22, p.s 
bubbl e s 3< Will form .nd natural s.per.te from the flu*. 
O.nerallV. the cross-sectional dimensions or plenum » 
i„ g er then those of the fluid ootl.t 2* wh.reb, the 
aownward vertical velocity - the fluid throu g h plenum 2 is 

le ss than the upward velocity of the air huhhles rasan, 

the surface. In e preferred embodiment tuhe 20 has an 

ide di»ater of fro„ 0,10 to o.«o in. with 0 SOOhern, 

preferred, aha dieter of aperture 2S of inlet 2, and 

aperture 27 of outlet 26 is 0.155 ih- 

The distance between the inlet and outlet is large 
" ■ enou g h that huhhles cannot flow direct!, from the inlet to 
the outiet. and in preferahl, l.r.or than , inches - 
Referred embodiment. ..that dimension is 5 to 5-1/2 inches. 
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T he top of plenum » !• — * * ™H"' " " >,lCh 
is heid# ring 36. "-brane 36 is " re£ " W " ade 

. x p,„aea ^W— i-* 1 - ,ITFE ' " hiCh 15 t . , 
„ ict oporou S . The Po- are P^erably from .2 micron to l.» 

ketone. »* the — «»■ " 1 ™ i """> " * "* 
spu »-bo„dea polyester or polypropylene to ret.m 

permeability « P'-iaing st "" 9th ' 

The surf.ee are. ena permeability of the membrane must 
« such that suffiei.nt gas f — « le " 
than toe pressure reguirea to arive the eolumn of Hguia m 
plenum 22 aounwardly to outlet 26. 

' In a preferrea embodiment. « one-way valve 40 is 
saoutea to the UPPet ena of air eliminator 2. This valve 
include, en upper wall 42 with holes 44 therein, for 
allows gas which has p.ss.a membrane » to escape to the 
atmosphere. » flexihle.umhrell. value 46 is attaohea to 
upper wall. 42 by a stem 48 ana is flexible to allow gas from 

from flowing through holes 44 towara membrane 36. 

one .„ay valve 40 is e safety measure to prevent gas 
fl om flowing into Plenum 22 through membrane 36. 
happen if petient 16 were too low. Per exemple. if P— 
18 were below the gas eliminator 2. a negetive pressure 
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into pi 




22 through membrane 36 in the a! 



:e of one-way 



valve 40. In those instances where it is assured that the 
relative elevations of patient 18 and gas eliminator 2 will 
be proper, one-way valve 40 may be eliminated. 

A particulate filter 50 may be placed in plenum 22 to 
remove particles from the fluid. This filter plays no role 
in gas elimination and is preferably made of nylon or 
polyester screen. 

A cavity 52 at the bottom of air eliminator 2 may be 
provided for receiving a projection (not shown) on bracket 
6. Cooperation of bracket 6 and cavity 52 supports the air 
eliminator 2 and maintains it in a vertical orientation for 
proper operation of the device. Other means for orienting 
and supporting gas eliminator 2 will be apparent to those of 
skill in the art. For example, a U-shaped bracket may be 
used to engage a mid-portion of plenum 22. 

In operation, gas eliminator 2 is installed as shown in 
Figure 1. As the fluid enters the gas eliminator, it begins 
a downward flow with a reduced velocity. The maximum 
downward flow rate of the fluid is designed to be less than 
the upward velocity of the bubbles so that bubbles rise to 
the uppermost part of the plenum. The bubbles 35 accumulate 
on the lower surface of membrane 36, which tends to protect 
membrane 36 and prevent it from being clogged with cellular 
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„ W iM *» Pressure reguired to vent fi> — 
through the hydrophobic me^ane 36 is less than the 
pressure driving the column of fluid downwardly, and g as 
passes through the membrane to the atmosphere. 

Edifications of the preferred embodiment within the 
scope of the following claims will he apparent to those of 
skill in the art. 
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PROPERTY OR 



1. 



Apparatus for eliminating a gas from a cellular fluid 



comprising plenum means and mounting means, said plenum means 
comprising means for separating said gas from said cellular fluid, 
said means for separating consisting of a chamber for producing a 
vertical flow rate in a fluid flowing therethrough adequate to 
release said gas in the form of bubbles which rise to the top of 
said chamber when said chamber is vertical, said chamber having a 
fluid inlet, a fluid outlet below said fluid inlet, and a 
hydrophobic membrane above said fluid inlet when said chamber is in 
an operational orientation for freely receiving said bubbles and 
for passing said gas of said bubbles directly to the atmosphere 
through said membrane while preventing passage of said fluid, and 
wherein said mounting means comprises means for engaging support 
means for supporting said plenum only when said chamber is 
substantially vertical and for preventing rotating of said chamber 
about a horizontal axis. 

2 . Apparatus according to claim 1 wherein said plenum 
comprises a hollow cylinder and said membrane means comprises a 
hydrophobic material extending completely across said cylinder. 

3. Apparatus according to claim 2 further comprising valve 
means, in communication with said membrane means for venting gas 
from said plenum passed by said membrane means to the atmosphere 
and for preventing a flow of air from the atmosphere through said 
membrane . 
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Jfts according to claim 3 vherePsaid hollow 
cylinder has an inside dialer ox about 0.500 inches, said inlet 
and outlet have inside diameters of about 0.155 inches, and sa.d 
cylinder has a length of at least 4 inches. 

Apparatus according to claim 3 further comprising filter 
xaeans for removing particulates from said fluid. 

Apparatus according to claim 2 further comprising said 
supP ort means for supporting said plenum means, said support means 
coding means for cooperating with said means for engaging for 
orienting said chamber substantially vertical. 

Apparatus according to claim 6 wherein said support means 
comprises means for holding a container of a physiological flu* a 
predetermined minimum distance above said plenum means. 

Apparatus according to claim 7 wherein said predetermined 
^nimum distance is the distance which will provide a pressure head 
adequate to force said gas through said membrane. 

Apparatus according to claim 6 wherein said support means 
engages said mounting means only when said hydrophobic filter xs 
above said inlet. 

10 '. Apparatt,, acedia, to ol ai. • i» — »* — 

ca^.a. a varticaX »•-»*. JU *— '»* ' 

recess. 
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11. 



Ap] 




is according to claim 1 wherei: 




lid mounting 



means is designed to engage said support means only when said 
hydrophobic filter is above said inlet. 



comprising providing an orientation-dependent means for separating 
said gas from said fluid, said means for separating comprising 
chamber means having a hydrophobic membrane at one end, an outlet 
at an opposite end and an inlet between said membrane and said 
outlet for allowing said gas to flow upwardly through said fluid 
only when said chamber means is vertical and means for engaging a 
support means for supporting said chamber means only when said 
chamber means is vertical and for preventing rotation of said 
chamber means about a horizontal axis, providing said means for 
supporting said chamber means only when said chamber is vertical, 
and attaching said chamber means to said means for supporting in an 
orientation wherein said membrane is above said inlet, 

13. A method according to claim 12 wherein said means for 
supporting further comprises means for holding a container of 
physiological fluid a predetermined minimum distance above said 
means for separating and further comprising the steps of attaching 
a said container to said means for holding and placing said 
container in fluid communication with said means for separating. 

14. In combination, gas eliminator means for separating a gas 
from a fluid and support means for supporting said gas eliminator 
means, said gas eliminator means comprising plenum means and 
mounting means, said plenum means consisting of a chamber for 
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A method for eliminating gas from a physiological fluid 
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producing a 




cal flow rate in a fluid flow 




therethrough 



adequate to release said gas in the form of bubbles which rise to 
the top of said chamber when said chamber is substantially 
vertical, said chamber having a hydrophobic membrane at one end of 
said chamber, an outlet at an opposite end of said chamber, and an 
inlet between said membrane and said outlet, said hydrophobic 
membrane being for freely receiving said bubbles and for passing 
said gas directly to the atmosphere, said support means securely 
engaging and supporting said gas eliminator only when said chamber 
is substantially vertical and preventing rotation of said gas 
eliminator about a horizontal axis. 

15. A combination according to claim 14 wherein said support 

means comprises means for holding a container of a physiological 
fluid above said chamber by a sufficient distance to create a 
pressure head adequate to force said gas through said membrane. 
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